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<S> PROPYLENE ELASTOMER. 



(g) A novel propylene elastomer having such characteristics that: (1) it is composed of 50-95 mole % of units 
denved from propylene and 50-5 mole % of units derived from 1-butene, (2) it has a triad tracticity (mm faction) 
of at least 90 % as determined by ^aC-NMR spectrometry (in hexachlorobutadiene using tetramethylsilane as the 
internal standard), (3) it has a limiting viscosity of 0.1-12 dl/g (at 135 'C in decalin), (4) it has a molecular weight 
distnbution (Mw/Mn) of 3 or less, and (5) it has a randomness parameter (B) of 1.0 to 1.5, preferably 1 0 to 1 3 
In addition, it is desirable that: (6) it has a melting point (Tm) of 60-140 'C and the following relationship holds 
between the Tm and the 1-butene unit content (M, mole %): -2.6 M + 130 S Tm S -2.3 M + 155 (7) the 
following relationship holds between the degree of crystallinlty (C) and the 1-butene unit content (M, mole %) C 
- -1.5 M + 75, the elastomer is excellent in rigidity, heat and scratch resistances, transparency, heat sealability 
and blocking resistance. It can be produced by using a specified transition metal compound as the catalyst 
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TECHNICAL FIELD 

The present invention relates to a novel propylene elastomer excellent in rigidity, heat resistance, 
scratch resistance, transparency, heat sealing properties and blocking resistance. 

5 

BACKGROUND ART 

Because of their excellent scratch resistance, transparency, heat resistance and heat sealing properties, 
propylene elastomers are used for films and sheets. 
10 Of various propylene elastonners, propylene elastomers which are copolymers of propylene and 1- 
butene have been conventionally prepared using solid titanium catalysts or metallocene catalysts compris- 
ing metallocene compounds such as zirconium and hafnium and alkylaiuminoxane. 

However, the conventional propylene elastomers prepared as above are not always satisfactory in heat 
sealing properties, blocking resistance and heat resistance. Therefore, the advent of a propylene elastomer 
75 excellent in not only shock-absorbing properties, heat resistance, transparency and rigidity but also heat 
sealing properties and blocking resistance has been desired. 

Under the circumstances, the present inventors have studied on the propylene elastomers which are 
copolymers of propylene and 1-butene. As a result, they have found that a propylene elastomer having a 
high triad tacticity of the head-to-tail enchained propylene unit sequences (the sequences are formed from 
20 head-to-tail enchained propylene units, and all the branch directions of the methyl groups are the same) 
and having high stereoregularity exhibits the above-mentioned excellent properties. They have also found 
that such propylene elastomer can be efficiently prepared by the use of a specific metallocene compound 
catalyst component, and accomplished the present invention. 

The present applicant has already disclosed a propylene elastomer in which propylene and other o- 
25 Olefin are head-to-tail enchained regularly in Japanese Patent Laid-Open Publication No. 119212/1987. This 
propylene elastomer is prepared by the use of a metallocene compound such as ethylenebis(4.5,6,7- 
tetrahydro-1-indenyl)zirconium dichloride, and it has a higher melting point as compared with the propylene 
elastomer of the present invention if they are the same in the monomer composition (comonomer ratio). 

30 DISCLOSURE OF INVENTION 

The propylene elastomer of the invention has the following properties: 

(1) the elastomer contains units derived from propylene in amounts of 50 to 95 % by mol and units 
derived from 1-butene in amounts of 5 to 50 % by mol; 

36 (2) when (i) head-to-tall enchained propylene unit triad sequences or (ii) propylene unit-butene unit triad 
sequences consisting of head-to-tail enchained propylene units and butene units and containing pro- 
pylene units as the second units are measured on the side chain methyl groups of the propylene units of 
the second units in the triad sequences using ^^c-NMR spectrum (hexachlorobutadiene solution, based 
on tetramethylsilane), the area of peaks shown in the region of 21.0 to 21.9 ppm is not less than 90 % 

40 based on the total area of all peaks shown in the region of 19.5 to 21 .9 ppm being 100 %; 

(3) the elastomer has an intrinsic viscosity, as measured in decalin at 135 'C. of 0.1 to 12 dl/g; 

(4) the elastomer has a molecular weight distribution (Mw/Mn), as measured by gel permeation 
chromatography (GPC), of not more than 3; and 

(5) the elastomer has a parameter 8 value, which indicates randomness of the copolymerized monomer 
45 sequence distribution, of 1 .0 to 1 .5. 

In the propylene elastomer of the invention, the parameter B value, which indicates randomness of 
the copolymerized monomer sequence distribution, is preferably 1 .0 to 1 .3. 

In addition to the properties (1) to (5), the propylene elastomer of the invention is desired to further 
have the following properties: 
50 (6) the elastomer has a melting point Tm, as measured by a differential scanning calorimeter, of 60 to 
140 'C. and the melting point Tm and a 1-butene constituent unit content M (% by mol) in the elastomer 
satisfy the following relation: 

-2.6M + 130^Tm^-2.3M + 155 

65 

and 

(7) a crystallinity C of the elastomer, as measured by X-ray diffractometry, and a 1-butene constituent 
unit content M (% by mol) in the elastomer satisfy the following relation: 

3 
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C ^ -1.5M + 75 

Such a propylene elastomer of the invention as nnentioned above is obtained by copolymerisinq 
propylene and 1-butene in the presence of an olefin polymerization catalyst comprising: 
[A] a transition metal compound represented by the following formula [I]: 



10 
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II] 
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wherem M is a transition metal of Group IVa, Group Va or Group Via of the periodic table 

R and R are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon 
atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a silicon-containing group, an oxygen- 
contaming group, a sulfur-containing group, a nitrogen-containing group or a phosphorus-containing 

R3 Is a secondary or tertiary alkyi group of 3 to 20 carbon atoms or an aromatic group 

R rs a hydrogen atom or an alkyI group of 1 to 20 carbon atoms, 
= K ^"^.^^[6 each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms 
coUtaNng grou^ ^'""^ °^ ^ *° ^° ^ O'^vgen-containing group or a sulfur- 

nrr,l T^on^ hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon 
nr™^ J- , ^^f'^*'^" 3 divalent silicon-containing group, a divalent germanium-containing 

group, a divalent tin-containing group, -0-. -CO-, -S-, SO-, -SO2-, -NR^-. -P(R5).. -rqwrs). -brs- or 
i. hL' . a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbori atoms or 

a halogenated hydrocarbon group of 1 to 20 carbon atoms); 
and 

[B] 

[B-1] an organoaluminum oxy-compound, and/or 

[B-2] a compound which reacts with the transition metal compound [A] to form an ion pair- 
and if desired " 
[C] an organoaluminum compound. 
In the formula [I] representing the transition metal compound [A], R' is preferably a methyl group 
*e invention, also a transition metal compound [A] represented by the above formula [I] wherein R' 
IS a hydrocarbon group of 2 to 6 carbon atoms is preferably employed. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The propylene elastomer according to the invention will be described in detail hereinafter 
(1) The propylene elastomer of the invention is a random copolymer of propylene and 1-butene. and this 
elastorrier contains units derived from propylene in amounts of 50 to 95 % by mol, preferably 60 to 93 % 
by mol^, more preferably 70 to 90 % by mol, and contains units derived from 1-butene in amounts of 5 to 
50 /o by mol. preferably 7 to 40 % by mol, more preferably 10 to 30 % by mol 

This propylene elastomer may further contain units derived from other olefins than propylene and 1- 
butene in small amounts, for example, not more than 10 % by mol. preferably not more than 5 % by 
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(2) Triad tacticity (mm fraction) of propylene elastomer 

The stereoregularity of the propylene elastomer according to the invention can be evaluated by triad 
tacticity (mm fraction). 

When head-to-lail enchained three propylene unit sequences in the polymer chain are expressed by 
5 a surface zigzag structure, the mm fraction is defined as a proportion of the propylene unit sequences 
having the same branch directions of the methyl groups and can be determined using the ^^C-NMR 
spectrum. 

For determining the mm fraction from the ^^C-NMR spectrum, the mm fraction of (i) head-to-tail 
enchained propylene unit triad sequences and the mm fraction of (ii) propylene unit-butene unit triad 
10 sequences consisting of propylene units of head-to-tail enchained propylene units and butene units and 
containing propylene units as the second units are measured as the mm fraction of the propylene unit- 
containing triad sequences present in the polymer chains. 

The mm fraction can be determined from the peak intensities of the side chain methyl groups of the 
second units (propylene units) in the triad sequences (i) and (ii). Determination of the mm fraction is 
75 described below in detail. 

The ^^C-NMR of the propylene elastomer can be measured as follows. In a sample tube, the 
propylene elastomer is completely dissolved in hexachlorobutadiene containing a small amount of 
deuterated benzene as a lock solvent, and the ^^c-NMR spectrum is measured by proton complete 
decoupling at 120 'C under the measuring conditions of a flip angle of 45" and a pulse interval of not 
20 shorter than 3.4 Ti (Ti : longest time among the spin-lattice relaxation time of methyl groups). Since Ti 
of the methylene group and Ti of the methine group are shorter than that of the methyl group, the 
magnetization recovery of all the carbon groups in the sample is not less than 99 % under the above 
conditions. As for the chemical shift, the methyl carbon peak of the third unit in the head-to-tail 
enchained propylene unit pentad sequence (mmmm) is set to 21.593 ppm on the basis of tetramethyl- 
25 silane. and other carbon peaks are determined based on this peak. 

In the ""^C-NMR spectrum of the propylene elastomer thus measured, the methyl carbon region 
wherein the side chain methyl groups of the propylene units are observed (about 19.5 to 21.9 ppm) are 
classified into: 

a first peak region (about 21 .0 to 21 .9 ppm), 
30 a second peak region (about 20.2 to 21 .0 ppm). and 

a third peak region (about 19.5 to 20.2 ppm). 

In each of the above regions, peaks of the side chain methyl groups of the second units (propylene 
units) in the head-to-tail enchained three molecule sequences (i) and (ii) set forth in Table 1 are 
observed. 

35 



Table 1 



40 




Methyl carbon region (19. 


5 21.9 ppm) 




Shift value 


First region 

(ppm) 
21.0 ^ 21.9 


Second region 
(ppm) 
20.2 ^ 21.0 


Third region 

(ppm) 
19.5 ^ 20.2 


45 


Kand-to-tail 
enchainment 










Sequence (i) 


PPP (mm) 


PPP (mr) 


PPP (rr) 


50 


Sequence (ii) 


PPB (mm) 
BPB (mm) 


PPB (mr) 
BPB (mr) 

PPB (rr) 
BPB (rr) 





55 

In the above table, P indicates a unit derived from propylene, and B indicates a unit derived from 1- 
butene. 
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^nri JZ l^f r^"* sequences (i) consisting of only propylene units, i.e., PPP (mm) PPP (mr) 

direc^ons ST '"^'""'^ ''"'^ ^^^"^"^^^ <'> <"> ^^^^^ - Table l.Thi 
directions of the methyl groups are illustrated below by the surface zigzag structures. These PPP 

buirrnu.'"" ' ""^^^P^"'^'"^'^ '° ^-^^ - triad sequences (PpI. BPB) (ii) which conZ 



CH3 CH3 CH3 

> I I 

PPP (nun) : - (CH-CH2) - (CH-CH2) - (CH-CH2) - 

CH3 CH3 
I I 

PPP(mr) : - (CH-CH2) - (CH-CH2) - (CH-CH2) - 

I 

CH3 

CH3 CH3 

PPP(rr) : - (CH-CH2) - (CH-CH2) - (CH-CH2) - 

I 

CH3 

sequence: PPP. P^anJ ePB^^^is^nr"'' °' ""'^ ^^^^"^^'^"^ ^'^^ 

sequences pTpPB^nH rpr'"'!.'! °' ""'^^ -'^s) in the mr triad 

PPp"resonIte.' '"^ °' (propylene units) in the rr triad sequences 

unit-b'uSnl' u^t^H^H^Jl*'^ head-to-tail enchained propylene unit triad sequences and (ii) the propylene 
unit butene unit tnad sequences consisting of head-to-tail enchained propylene units and butene units 
and containing propylene units as the second units are measured on the sSe chain methyl gr^ or^^^ 
propylene units of the second units in the triad sequences using the ^3c-nmr sSm Thexach 
lorobutadiene solution, based on tetramethylsilane). the triad tacticity (mm fraction) of he p o^^^^^^^ 
o 2 oT Ifs 00m ri"? " ' '^7°^'°" (percentage) of the area'ol the peaks shown in the re'g'n 

2 l oom ^mihCr f '^P'^"^ °" ^'^^ P^^^^ ^''O'^" t^e region of 19.5 to 

21 .9 ppm (methyl carbon region) being 1 00 %. in accordance with the following equation. 

mm Fraction - Methyl group intensity [PPP (mm)-<-ePB (mm) 4-BPB(tpm) ] 

(%) Methyl group intensity [PPP (mn) +PPB (mm) +BPB (mm) + ^ 

PPP (mr) +PPB (mr) +BPB (mr) + 
PPP (rr) +PPB (rr) +BPB (rr) ] 

lessIJ^n'So r^^Lir^ ''T'^'T to the invention determined as above is not 

less than 90 /<,. preferably not less than 92 %. more preferably not less than 94 % 

....S the above-mentioned head-to-tail enchained triad sequences (i) and (ii). the propylene 

elastomer has small amounts of partial structures which contain regio-irregular units rep esented bvihe 

cXrirnTis ir^iTpU^^^^^^^ ^^-^ -.hyi 
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Structure (iii) 

A B C 

CH3 CH3 CH3 CH3 CH3 CH3 

I I I I II 
- (CH2-CH) - (CH2-CH) - (CH2-CH) - (CH-CH2) - (CH2-CH) - (CH2-CH> - 

Structure (iv) 

D ED 

CH3 CH3 CH3 CH3 CH3 

II I II 

- (CH2-CH) - (CH2-CH) - (CH2-CH2) - (CH-CH2) - (CH2-CH) - (CH2-CH) - 

76 

Structure (v) 

£• D' 

CH3 CH3 CH3 CH3 CH3 

II I II 

20 • (CH2-CH) - (CH2-CH) - {CH2-CH2) n- (CH-CH2) - (CH2-CH) - (CH2-CH) - 

(n > 2) 

25 Of the methyl groups derived from the above structures (iii), (iv) and (v). the methyl carbon A and 

the methyl carbon B resonate at 17.3 ppm and 17.0 ppm, respectively, and consequently the peaks 
based on the carbon A and the carbon B do not appear in the above-mentioned first to third regions 
(19.5 to 21 .9 ppm). Further, the carbon A and the carbon B have no relation to the head-to-tail enchained 
propylene triad sequence, so that they do not need to be taken into account in the calculation of the triad 

30 tacticity (mm fraction). 

The peak based on the methyl carbon 0, the peak based on the methyl carbon D and the peak 
based on the methyl carbon D' appear in the second region, and the peak based on the methyl carbon E 
and the peak based on the methyl carbon E' appear in the third region. 

In the first to third methyl carbon regions, accordingly, there appear a peak based on the PPE- 

35 methyl group (side chain methyl group in the propylene-propylene-ethylene sequence) (20.7 ppm or 
thereabout), a peak based on the EPE-methyl group (side chain methyl group of the ethylene-propylene- 
ethylene sequence) (19.8 ppm or thereabout) and peaks based on the methyl group C, the methyl group 
D, the methyl group D', the methyl group E and the methyl group E\ 

As described above, the peaks based on the methyl groups other than those of the head-to-tail triad 

40 sequences (i) and (ii) are observed, but in the determination of the mm fraction using the above equation, 
they are corrected as follows. 

The peak area based on the PPE-methyl group can be determined from the peak area of the PPE- 
methine group (resonance at 30.6 ppm or thereabout), and the peak area based on the EPE-methyl 
group can be determined from the peak area of the EPE-methine group (resonance at 32.9 ppm or 

45 thereabout). 

The peak area based on the methyl group C can be determined from the peak area of the adjoining 
methine group (resonance at 31.3 ppm or thereabout). 

The peak area based on the methyl group D can be determined from 1/2 of the total peak area of 
the peaks based on the a/3 methylene carbon in the above structure (iv) (resonance at 34.3 ppm or 
50 thereabout and resonance at 34.5 ppm or thereabout), and the peak area based on the methyl group D* 
can be determined from the area of the peak based on the adjoining methine group (resonance at 33.3 
ppm or thereabout) of the methyl group E* in the above structure (v). 

The peak area based on the methyl group E can be determined from the peak area of the adjoining 
methine carbon (resonance at 33.7 ppm or thereabout), and the peak area of the methyl group E* can be 
56 determined from the peak area of the adjoining methine carbon (resonance at 33.3 ppm or thereabout). 

Accordingly, the peak area of the methyl groups based on the head-to-tail enchained propylene unit 
triad sequences (i) and (ii) can be determined by subtracting the peak area of the above methyl groups 
from the total peak area of the peaks in the second and third regions. 
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s^n.In'i!:J'A H °' '"^^^y' ''^^^^ °" head-to-tail enchained propylene unit triad 

1350^?f989r°" "^^"^ ^ ^^^'^"^^ to ^ "torature "PolyrT,er-, 30. 

(3) Intrinsic viscosity M 

decalin^rils'^ct^i'*!^''^ °' the propylene elastomer according to the invention, as measured in 
decahn at 135 C. .s in the range of 0.1 to 12 dl/g. preferably 0.5 to 12 dl/g, more preferably 1 to 12 

10 (4) Molecular weight distribution 

m.«r^ weight distribution (Mw/Mn) of the propylene elastomer according to the invention as 

3rZ:irj:7nT::''°^^^^ - 3. preferably i^n the range of 2.oZ 



15 



20 



30 



35 



40 



3.0, more preferably 2.0 to 2.5. 
(5) Randomness 



The parameter B value of the propylene elastomer according to the invention which indicates 



45 



50 



B = Pl2/(2P,.P2) 

TespTctivril and? T^'nrf monomer content fraction and a second monomer content fraction. 
26 Scule Sequences.' ^ " "^o^o-^er sequences to all the two 

In the case of B = i, Bernoulli's statistics apply to the copolymer; in the case of B < i" th.. 
copo^mer tends to be block: and in the case of B > 1. the copolymer tends to be altem:ting. ' 

the fol.fCp«r''^'" ^'^^^^"'^^ °' 

^V^IZ^^X!^7^ TZ^.''^ a differential scanning calorimeter Is in the range of 60 to 140 
by mXSS me;:,i;iing';eS^^^^ "'""^ ^"^"^^"^ — 

-2.6M + 130 ^ Tm ^ -2.3M + 155 
-1.5M + 75 

ffitJro^hnnT^'T.^'^^*°'"®'' f ^^"^^^'"^es has small amounts of structures which contain 

the Iret^d hZTfS' "T^'^'lf " ^^"^^"^ 1.2-inserted (methylene side is bonded to catalyst) to form 
iilT-^l p f t H^"^ propylene sequence, but in rare cases propylene is 2.1-inserted or 1 3- 

bv^h^t. 2,1.,nserted propylenes or the 1.3-inserted propylenes form regio-irregular units representSl 
thVi sfnsLr^^^^^^ "'T"'"" " '''' P^'y-^^^- PropoLns o?the 2.i?nsS ons aS 

u^no a -STr •^^'^ ''^ determined by the following equation 

(19S) ^'""^ '° '""^ '"'^'■"'^y' ^"'^ ^^f^^^^-^^ to "Polymer" 30 135^ 

by th^TfoZng^'^Su^Un' ^^^'^''^^^^"'^^ """^ "^^^^ ^ ^'^-'^-^'ons of propylene can be determined 



55 
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Proportion of 
regio- irregular 
units based on » 
2, 1-insertions 



{ 0, 5 laP( Structure (iii) , <v) ) 

+ 0.2 5 lap (Structure 



(iv)) } 



laa + lap (Structure (iii) , (v) > 
+ O.S(laY+ laP (Structure (iv) ) 



X 100 



+ ia5) 
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When rt is difficult to directly determine the area of la/3 or the like fronn the spectrum because of, for 
example, overlapping of the peaks, correction can be made using the carbon peaks having corresponding 
areas. 

The propylene elastomer according to the invention may contain the above-determined hetero bond 
units based on the 2,1 -insertions of propylene present in the propylene sequences in amounts of not less 
than 0.01 %, specifically 0.01 to 0.3 %, based on the whole propylene units. 

The proportion of the regio-irregular units based on the 1 ,3-insertions of propylene in The propylene 
elastomer can be determined from the jS-y peak (27.4 ppm or thereabout). 

In the propylene elastomer of the invention, the proportion of the hetero bonds based on the 1,3- 
insertions of propylene may be not more than 0.05 %. 

The propylene elastomer of the invention mentioned above can be obtained by copolymerizing 
propylene and 1-butene in the presence of an olefin polymerization catalyst comprising: 
[A] a transition metal compound described later, and 
[B] 

[B-1] an organoaluminum oxy compound and/or 

[B-2] a compound which reacts with the transition metal compound [A] to form an ion pair, 
and if desired 
[C] an organoaluminum compound. 
The olefin polymerization catalyst used for the invention is described below. 

The transition metal compound [A] (hereinafter sometimes referred to as "component [A]") for forming 
the olefin polymerization catalyst used for the invention is represented by the following formula [I]: 




[I] 



45 

wherein M is a transition metal of Group IVa, Group Va or Group Via of the periodic table. Examples thereof 
include titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum and tungsten. 
Of these, preferred are titanium, zirconium and hafnium. Particularly preferred is zirconium. 

50 Substituents and 

R^ and R2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a 
halogenated hydrocarbon group of 1 to 20 carbon atoms, a silicon-containing group, an oxygen-containing 
group, a sulfur-containing group, a nitrogen-containing group or a phosphorus-containing group. 
55 Examples of the halogens include fluorine, chlorine, bromine and iodine. 

Examples of the hydrocarbon groups of 1 to 20 carbon atoms include alky I groups, such as methyl, 
ethyl, propyl, butyl, hexyl. cyclohexyl. octyl, nonyl, dodecyl, icosyl. norbornyl and adamantyl; alkenyl 
groups, such as vinyl, propenyl and cyclohexenyl; arylalkyi groups, such as benzyl, phenylethyl and 
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TJZfZl': T ^'t^T^^' P''®"^'- dimethylphenyl. trimethylphenyl, ethylphenyl propyl- 

phenyl, biphenyl, naphthyl, methylnaphthyl, anthracenyl and phenanthryl 

men^nrn h^°^ halogenated hydrocarbon groups Include those obtained by substituting the above- 
mentioned hydrocarbon groups with halogen atoms. usuiuiing ine aoove 

m.th^TT';"^^ silicon-containing substituents include monohydrocarbon-substituted silyls such as 

rnethylsilyl and phenylsllyl; dihydrocarbon-substituted silyls. such as dimethylsilyl and dphenvlsilvh 

m«fK^r"''"r °^ *® oxygen-containing substituents include hydroxyl groups; alkoxy qrouos such as 

and naphthtr^^^^^^^ ^^^'^'^^ ^""^^^ - ^^--V. Lth'y.phenoxy. Zet yip Ixy 

and naphthoxy, and arylalkoxy groups, such as phenylmethoxy and phenylethoxy Y P oxy 

in — su.ur 

^^:^:.Z>z;;:^r - <-^^' 

and d;Z;Tphtph7o'°'''°""'^°"*''^ ^""^^ '"'^'"'^^ '^'^^P^'"^ - Cimethylphosphino 

Of these, preferred as R' are hydrogen, methyl, hydrocarbon groups of 2 to 6 carbon atoms anH 
aromatic groups a^^^^^^^^ p,e, 3, ^^^^^^^^ J P ^to 6 car^bon ^toms and 

As R . preferred are hydrogen and hydrocarbon groups, and particularly preferred is hydrogen. 

Substituent R 3 

R3 is a hydrocarbon group of 1 to 20 carbon atoms or a group obtained by substitutino <5aid 
Examples of the secondary or tertiary alkyi groups include i-propyl, i-butyl sec-butvl tert-h.rt»i i o 

benzylphenyl. pyrenyl. acenaphthyl. phenalenyl. aceanthrylenyl, tetrahydronaphthyl indanvl and WnhJl^ ■' 
TJLT^TZr^'' ^ ^^^"^'^-PV^ and toly^ethyn^Lrg^ot^^^^^^^^^ 

described'or rT ^""'^ ^'"^^ silicon-containing groups as 

Substituent R* 

R* is a hydrogen atom or an alkyI group of 1 to 20 carbon atoms 

Examples of the alkyI groups include chain and cyclic alkyl groups, such as methvl ethvl n nrr.n„i i 
^rny7'aS'a^r^~^ ^^^'^^^^'^ «.^eptyl. octyrSlSe^Xryl; 

for W.^"^ substituted with such halogen atoms and silicon-containing groups as described 

X' and 

h.i.J' ^Tf^^!.^ ^^^'^ ^ hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms a 
halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-contafning'group or a suTu° conSng 

..r^^'^T^^^ ^^'°9e"^to'"s, the oxygen-containing groups, the hydrocarbon groups of 1 to 20 

reS^drRr ^-^^^ °^ ^ carbon^atoms are tSesame as IhosS 
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Examples of the sulfur-containing groups include the same groups as described for R^; sulfonato 
groups, such as methyisulfonato, trlfluoromethanesulfonato, phenylsulfonato. benzylsulfonato, p-toluenesul- 
fonato, trimethylbenzenesulfonato, triisobutylbenzenesulfonato, p-chlorobenzenesulfonato and pen- 
tafluorobenzenesulfonato; and sulfinato groups, such as methylsulfinato, phenylsulfinato, benzenesulfinato, 
p-toluenesulfinato, trimethylbenzenesulfinato and pentafluorobenzenesulfinato. 

Y 

Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group 
of 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a 
divalent tin-containing group. -0-. -CO-, -S-. SO-. -SO2-, -NRS-. -P(R5)-, -P(0)(R5)-, -BR^- or -AIRS. (rs jg a 
hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a halogenated 
hydrocarbon group of 1 to 20 carbon atoms). 

More specifically, there can be mentioned: 

divalent hydrocarbon groups of 1 to 20 carbon atoms, such as alkylene groups (e.g., methylene, 
dimethylmethylene, 1 ,2-ethylene, dlmethyl-1 .2-ethylene, 1 .3-trimethylene. 1 ,4-tetramethylene, 1,2-cyclohex- 
ylene and 1 ,4-cyclohexylene) and arylalkylene groups (e.g., diphenylmethylene and diphenyl-1 ,2-ethylene); 

divalent halogenated hydrocarbon groups obtained by halogenating the above-exemplified divalent 
hydrocarbon groups of 1 to 20 carbon atoms, such as chloromethylene; 

divalent silicon-containing groups, such as alkylsllylene. alkylarylsilylene and arylsilylene groups (e.g., 
methylsilylene, dimethylsilylene, diethylsilylene, di(n-propyl)sllylene, di(i-propyl)silylene, di(cyclohexyl)- 
silylene, methylphenylsilylene, diphenylsilylene, di(p-tolyl)silylene and di(p-chlorophenyl)silylene) and alkyl- 
disilyl, alkylaryldisilyl and aryldisilyl groups (e.g.. tetramethyl-1,2-disilyl and tetraphenyl-1,2-disilyl); 

divalent germanium-containing groups obtained by replacing silicon with germanium in the above- 
exemplified divalent silicon-containing groups; and 

divalent tin-containing groups obtained by replacing silicon with tin in the above-exemplified divalent 
silicon-containing groups. 

R^ is the same halogen atom, hydrocarbon group of 1 to 20 carbon atoms or halogenated hydrocarbon 
group of 1 to 20 carbon atoms as described for R^ 

Of these, preferred are divalent silicon-containing groups, divalent germanium-containing groups and 
divalent tin-containing groups, and more preferred are divalent silicon-containing groups. Of these, particu- 
larly preferred are alkylsilylene, alkylarylsilylene and arylsilylene. 

Listed below are examples of the transition metal compounds represented by the above formula [I]. 
rac-Dimethylsilylene-bis(2,7-dimethyl-4-ethyl-1-indenyl)zirconium dichloride. 
rac-Dimethylsilylene-bis(2,7-dimethyl-4-n-propyl-1-indenyl)zirconium dichloride, 
rac-Dimethylsllylene-bls(2,7-dlmethyl-4-i-propyl-1-indenyl)zirconium dichloride, 
rac-Dimethylsilylene-bis(2,7-dimethyl-4-n-butyl-1-indenyl)zirconium dichloride, 
rac-Dimethylsilylene-bis(2,7-dimethyl-4-sec-butyl-1-indenyl)zirconium dichloride. 
rac-Dimethylsilylene-bis(2,7-dimethyl-4-t-butyl-1-indenyl)zirconium dichloride, 
rac-Dimethylsilylene-bis(2,7-dimethyl-4-n-pentyl-1-indenyl)zirconium dichloride, 
rac-Dimethylsilylene-bis(2,7-dimethyl-4-n-hexyl-1-indenyl)zirconium dichloride, 
rac-Dimethylsilylene-bis(2,7-dimethyl-4-cyclohexyl-1-indenyl)zirconium dichloride, 
rac-DimethyIsilylene-bis(2,7-dimethyl-4-methylcyclohexyl-1-indenyl)zirconium dichloride, 
rac-Dimethylsilylene-bis(2,7-dimethyl-4-phenylethyl-1-indenyl)zirconium dichloride, 
rac-Dimethylsilylene-bis(2,7-dimethyl-4-phenyldichloromethyl-1-indenyl)zirconium dichloride, 
rac-Dimethylsilylene-bis(2,7-dimethyl-4-chloromethyl-1-indenyl)zirconium dichloride, 
rac-Dimethylsilylene-bis(2,7-dimethyl-4-trimethylsilylenemethyl-1-indenyl)zirconium dichloride. 
rac-Dimethylsilylene-bis(2,7-dimethyl-4-trimethylsiloxymethyl-l-indenyl)zirconium dichloride, 
rac-Diethylsilylene-bis(2,7-dimethyl-4-i-propyl-1-indenyl)zirconium dichloride, 
rac-Di(i-propyl)silylene-bis(2,7-dimethyl-4-i-propyl-1-indenyl)zirconium dichloride, 
rac-Di{n-butyl)silylene-bis(2,7-dimethyl-4-i-propyl-1-indenyl)zirconium dichloride, 
rac-Di(cyclohexyl)silylene-bis(2,7-dimethyl-4-i-propyl-l-indenyl)zirconium dichloride, 
rac-Methylphenylsi{ylene-bis(2,7-dimethyl-4-i-propyl-1-indenyl)zirconium dichloride, 
rac-Methylphenylstlylene-bls(2,7-dimethyl-4-t-buty I- 1 -indenyl)zirconium dichloride, 
rac-Diphenylsilylene-bis(2,7-dimethyl-4-t-butyl-1-indenyl)zirconium dichloride. 
rac-Diphenylsilylene-bis(2.7-dimethyl-4-i-propyl-1-indenyl)zirconium dichloride, 
rac-Diphenylsilylene-bis(2.7-dimethyl-4-ethyl-1-indenyl)2irconium dichloride, 
rac-Di(p-tolyl)silylene-bis(2,7-dimethyl-4-i-propyl-1-indenyl)zirconium dichloride, 
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rac-D,(p-chlorophenyl)silylene-bis(2,7-dimethy.l-4-i-propyl-l-indenyl)2irconium dichloride 
rac-Dimethylsilylene-bis(2-methyl-4-i-propyl-7-ethyl-l -indenyl)2irconium dibromide 
rac-Dimethylsilylene-bis(2,7-dimethyl-4-i-propyl-l-indenyl)zirconium dimethyl 
rac-D,methylsilylene-bis(2.7-dimethyl-4-i-propyl-1-indenyl)zirconium methylchloride 

racD,methyls.lylene-b.s(2-phenyl-4-i-propyl-7-methyl-1-indenyl)zirconiumdte^ 

reorSentL bv'ii'rir*^' ''^''Tl^ represented by the above formula [1], a transition metal compound 
represented by the following formula [l-a] Is particularly preferably used in the invention 




hvd'roTen'ttom ^1.^) ^ " "^""^ ^ further W is preferably 

nyarogen atom, methyl or an aromatic group. ^'oiauiy 

formuS^ar'"" '=°'"P°""d« represented by the above 

rac-Dlmethylsilylene-bis(4-phenyl-1-indenyl)zirconium dichloride 
rac-Dimethylsilylene-bis(2-methyl-4-phenyl-1-indenyl)2irconium dichloride 
rac-Dimethylsilylene-bis(2-methyl-4-(a-naphthyl)-1-indenyl)2irconium dichloride 
rac-Dimethylsilylene-bis(2-methyl-4-(;8-naphthyl)-l-lndenyl)2lrconlum dichloride* 
rac-D,methylsilylene-bis(2-methyl-4-(1-anthracenyl)-l-indenyl)zirconium dichloride 
rac-D,methylsilylene-bis(2-methyl-4-(2-anthracenyl)-1-indenyl)2irconium dichloride 
rac-D,methy silylene-bis(2-methyl-4-(9-anthracenyl)-1-indenyl)2irconlum dichloride 
rac-Dimethylsilylene-bis(2-methyl-4-(9-phenanthryl)-i-indenyl)2irconlum dichloride 
rac-D,methylsilylene-bis(2-methyl-4-(p-fluorophenyl).l-indenyl)2irconium dichloride 
rac-Dimethylsilylene-bis(2-methyl-4-(pentafluorophenyl)-1-indenyl)2irconiu dichloride. 
rac-D,methyls.lylene-bis(2-methyl-4-(p-chlorophenyl)-1-indenyl)2irconium dichloride 
rac-D.methy s.lylene-bis(2-methyl-4-(m-chlorophenyl)-1-indenyl)zlrconium dichloride 
rac-Dimethysilytene-bis(2-methyl-4-(o-chlorophenyl)-l-indenyl)2irconium dichloride' 
rac-D,methy s. ylene-bis(2-methyl-4-(o.p-dichlorophenyl)-1-indenyl)2irconium dichloride. 
rac-D,methy s,lylene-bis(2-methyl-4-(p-bromophenyl)-1-indenyl)2irconium dichloride 
rac-Dimethyls,lylene-bis(2-methyl-4-(p-tolyl)-1 -indenyl)zirconium dichloride 
rac-Dimethylsilylene-bis(2-methyl-4-(m-toly!)-1-indenyl)2lrconium dichloride 
rac-Dimethylsilytene-bis(2-methy l-4-(o-toly l)-1 -indenyl)2irconium dichloride ' 
rac-D,methylsilylene-bls(2-methyl-4-(o.o--dimethylphenyl)-l-lndenyl)2irconium dichloride, 
rac-D,methylsilylene-bis(2-methyl-4-(p-ethylphenyl)-l-indenyl)2irconium dichloride 
rac-D,methylsilylene-bis(2-methyl-4-(p-i-propylphenyl)-i-indenyl)2irconium dichloride 
rac-D.methyls.lylene-bls(2-methyl-4-(p-ben2ylphenyl)-l -indenyl)2lrconium dichloride ' 
rac-Dimethylsilylene-bls(2-methyl-4-(p-biphenyl)-i -indenyl)2lrconium dichloride 
rac-Dimethylsilylene-bis(2-methyl-4-(m-blphenyl)-i-indenyl)zirconium dichloride 

dichloride, 

Z'?^ZT^T,'r^^^^ dichloride. 
rac-D.methyls.lylene-bis(2-phenyl-4-pheny|.1-indenyl)2irconlum dichloride 

rac-Diethylsilylene-bis(2-methyl-4-phenyl-l-indenyl)zirconiumdichloride 
rac-Di(i-propyl)silylene-bis(2-methyl-4-phenyl-1-indenyl)2irconium dichloride 
rac-Di(n-buty Dsily lene-bis(2-methyl-4-phenyl-1 -indeny l)2irconium dichloride ' 
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rac-DlcyclohexyIsilylene-bis(2-methyl-4-phenyl-1-indenyl)zirconium dichloride, 
rac-Methylphenylsily lene-bis(2-methyl-4-phenyl- 1 -indenyl)zlrconiunn dichloride. 
rac-Diphenylsilylene-bis(2-methyl-4-phenyl-1-indenyl)2irconium dichloride, 
rac-Di(p-tolyl)silylene-bis(2-nnethyl-4-phenyl-1-indenyl)zirconium dichloride, 
rac-Di(p-chlorophenyl)si}ylene-bis(2-methyM-phenyl-1-indenyl)zlrconium dichloride, 
rac-Methylene-bis(2-methyl-4-phenyl-1-indenyl)zirconium dichloride, 
rac-Ethylene-bis(2-methyl-4-phenyl-1-indenyl)zirconium dichloride, 
rac-Dimethylgermylene-bis(2-nnethyl-4-phenyl-1-indenyl)zirconium dichloride, 
rac-Dimethylstannylene-bis(2-methyl-4-phenyl-1-indenyOzlrconium dichloride, 
rac-Dimethylsilylene-bis(2-methyl-4-phenyl-1-indenyl)zirconium dibromide. 
rac-Dimethylsilylene-bis(2-methyl-4-phenyl-1-indenyl)zirconium dimethyl, 
rac-DimethylsHylene-bis(2-methyl-4-phenyl-1-indenyl)zirconium methylchloride, 
rac-Dimethylsily lene-bis(2-methyl-4-pheny 1-1 -indenyl)zirconium chloride SO2 Me, 
rac-Dimethylsily lene-bis(2-nnethy!-4-pheny 1-1 -indenyl)zirconium chloride OSO2 Me, 
rac-Dirr»ethylsilylene-bis(2-methyl-4-phenyl-1-indenyl)titaniumdichloride, and 
rac-Dimethylsilylene-bis(2-methyl-4-phenyl-1-indenyl)hafnium dichloride. 

Of the above compounds, particularly preferred are compounds of the formula [l-a] wherein is 
methyl. 

Also preferably used are transition metal compounds of the formula [l-a] wherein is a hydrocarbon 
group of 2 to 6 carbon atoms and R^ is an aryl group of 6 to 16 carbon atoms. Examples of such 
compounds are listed below. 

rac-Dimethylsily lene-b!s{1-(2-ethyl-4-phenylindenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-()3-naphthyl)indenyl}zirconium dichloride. 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(2-methyl-1-naphthyl)indenyl}2irconium dichloride. 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(5-acenaphthyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(9-anthracenyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(9-phenanthryl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(o-methylphenyl)indenyl)}2irconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(m-methylphenyl)indenyl)}2irconium dichloride. 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(p-methylphenyl)indenyl)}zirconium dichloride, 
rac-Dimethylstlylene-bis{1-(2-ethyl-4-(2,3-dimethylphenyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(2,4-dimethylphenyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(2,5-dlmethylphenyl)indenyl)}2irconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(2,4,6-trimethylphenyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(o-chlorophenyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(m-chlorophenyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(p-chlorophenyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(2,3-dichlorophenyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(2,6-dichlorophenyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(3,5-dichlorophenyl)indenyl)}2irconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(2-bromophenyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(3-bromophenyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(4-bromophenyl)indenyl)}zlrconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(4-biphenylyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(4-trimethylsilylenephenyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-n-propyl-4-phenylindenyl)}zlrconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-n-propyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-n-propyl-4-(/S-naphthyl)indenyl)}zirconium dichloride, 
rac-Dimethylsily lene-bis{1 -(2-n-propy l-4-(2-methyl-1 -naphthyl)indenyl)}zirconium dichloride. 
rac-Dimetnylsilylene-bis{1-(2-n-propyl-4-(5-acenaphthyl)indenyl)}2irconium dichloride, 
rac-Dimethylsilylene-bis{l-(2-n-propyl-4-(9-anthracenyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-n-propyl-4-(9-phenanthryl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{l-(2-i-propyl-4-phenylindenyl)}zirconium dichloride, 
rac-Dlmethylsilylene-bis{1-(2-i-propyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-i-propyl-4-(/3-naphthyl)indenyl)}zirconium dichloride. 
rac-Dimethylsilylene-bis{1-(2-i-propyl-4-(2-methyl-1-naphthyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-i-propyl-4-<5-acenaphthyl)indenyl)}zirconium dichloride, 
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rac-D,methyls,lylene-bis{1-(2W-propyl-4-(9-anthracenyl)indenyl)}zirconium dichloride 
rac-D.methyls.lylene-bis{l-(2-i-propyl-4-(9-phenanthryl)indenyl)}zirconium dichloride 
rac-Dimethylsilylene-bis{ I -(2-s-butyl-4-phenylindenyl)}2irconium dichloride 
rac-D,melhylsilylene-bis{1-(2-s-butyl-4-(a-naphthyl)lndenyl)}2irconium dichloride. 
rac-D,methylsilylene-bis{1-(2-s-butyl-4-()3-naphthyl)indenyl)}zirconium dichloride 
rac-D,methylsilylene-bis{1-(2-s-butyl-4-(8-rr,ethyl-9-r,apht^^ dichloride. 
rac-D.me hy s. ylene-bis{1-(2-s-butyl-4-(5-acenaphthyl)inder,yl)}zirconium dichloride 
rac-D.nne hy s. y ene-bis{1-(2-s-butyl-4-(9-anthracenyl)inderiyl)}2irconium dichloride. 
rac-D,methyls,lylene-bis{1-(2-s-butyl-4-(9-phenanthryl)indenyl)}zirconium dichloride 
rac-D,methylsilylene-bis{1-{2-n-pentyl-4-phenylindenyl)}zirconium dichloride 
rac-D,methylsilylene-bis{1-(2-n-pentyl-4-(a-naphthyl)indenyl)}2irconium dichloride 
rac-Dimethylsilylene-bls{1-(2-n-butyl-4-phenylindenyl)}zirconium dichloride 
rac-D.methylsilylene-bis{1-(2-n-butyl-4-(a-naphthyl)indenyl)}2irconium dichloride 
rac-D,methylsilylene-bis{1-(2-n-butyl-4-(^-naphthyl)indenyl)}zirconium dichloride' 
rac-D,methylsilylene-bis{1-(2-n-butyl-4-(2-methy|.1-^ dichloride. 
rac-D,mehyls,yene-b.s{1-(2-n-butyl-4-(5-acenaphthyl)inderiyl)}zirconium 
rac-D.me hy s, y ene-bis{1-(2-r,-butyl-4-(9-anthracenyl)indenyl)}zircor,ium dichloride, 
rac-D,me hy s. ylerie-bis{1-(2-n.butyl-4-(9-phenanthryl)inderiyl)}zirconium dichloride. 
rac-Dinnethyls.lylene-bis{1-(2-i-butyl-4-phenylindenyl)}zirconium dichloride 
rac-D.methylsilylene-bis{1-(2-i-butyl-4-(c,-naphthyl)indenyl)}zirconium dichloride 
rac-D.methylsilylene-bis{1-(2-i-butyl-4-(;3-naphthyl)indenyl)}zirconium dichloride 

rac-Dime hy s. y ene-b,s{1 -(2-,-butyl-4-(5-acenaphthyl)indenyl)}zirconium dichloride. 
rac-D,me hy s, y ene-bls{1-(2-i-butyl-4-(9-arithracenyl)indenyl)}2irconiurn dichloride. 
rac-D,me hyls, y ene-bis{1-(2-i-butyl-4-(9-phenanthryl)iridenyl)}zirconium dichloride. 
rac-Dimethylsilylene-bis{1-(2-neopentyl-4-phenylindenyl)}2irconium dichloride 
rac-D,methylsilylerie-bis{1-(2-neopentyl-4-(a-naphthyl)indenyl)}2irconium dichloride. 
rac-D.methylsilylene-bis{1-(2-n-hexyl-4-phenylindenyl)}2irconium dichloride. 
'^''\JT?^!^"^'^"^''''^^^'<^'"-^®''y'-'^-<--"^P^*^y')'"denyl)}2irconium dichloride 
rac-Methylphenylsilylene-bis{1-(2-ethyl-4-phenylindenyl)}2irconium dichloride 

dichloride. 

ac-Methylphenyls.lylene-b.s{1-(2-ethyl-4.(9-phenanthryl)indenyl)}zircor,iurn dichloride 
rac-Diphenylsilylene-bis{1 -(2-ethyl-4-phenylindenyl)}zirconium dichloride 
rac-D.phenylsilylene-bis{1-(2-ethyl-4-(a-naphthyl)indenyl)}2irconium dichloride 
rac-D.pheny silytene-bis{1-{2-ethyl-4-(9-anthracenyl)indenyl)}zirconium dichloride 
rac-D,pheny s, ylene-bls{1-(2-ethyl-4-(9-phenanthryl)indenyl)}2irconium dichloride. 
rac-Diphenylsilylene-bls{1-(2-ethyl-4-(4-biphenylyl)indenyl)}zirconium dichloride 
rac-Methylene-bis{1 -(2-ethyl-4-phenylindenyl)}2irconium dichloride 
rac-Methylene-bis{1-(2-ethyl-4-{a-naphthyl)indenyl)}2irconium dichloride 
rac-Ethylene-bis{1-(2-ethyl-4-phenylindenyl)}2irconium dichloride 
rac-Ethylene-bis{1-(2-ethyl-4-(a-naphthyl)indenyl)}2irconium dichloride 
rac-Ethylene-bis{l-(2-n-propyl-4-<a-naphthyl)indenyl)}2irconium dichloride 
rac-D,methylgermylene-bis{1-(2-ethyl-4-phenylindenyl)}2irconiumdichloride 
rac-D.methylgermylene-bis{1-(2-ethyl-4-(a-naphthy!)indenyl)}zirconium dichloride 
rac-D.methylgermylene-bis{{1-(2-n-propyl-4-phenylindenyl)}zirconium dichloride ' 
rac-D.methylstannylene-bis{1 -(2-ethyl-4-phenylindenyl)}2irconium dichloride ' 

rac-D.methylstannylene-bis{1-(2-ethyl-4-(a-naphthyl)indenyl)}2irconium dichloride 

llTn'^y,^^''''^]^"^^^^^^ dichloride, and 

rac-D.methylstannylene-bis{1-(2-n-propyl-4-phenylindenyl)}2irconium dichloride 
.irJn- Pi-efent invention, also employable are transition metal compounds obtained by reolacino 

Orn.n ^ompound used for the invention can be prepared in accordance with "Journal of 

example, the compound of the formula [l-a] can be prepared by the following process. 
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Z-Y-Z 

2H2R" + 2butyl-Li 2HR'Li 

2 butyl - Li 



HR'- Y-R*H 



LiR'' - Y - R»Li 



MCL 



R- a R" 

/ \ / X'Li \/ 
Y M " Y M 

\ / \ \ \ 

R» CI R» CI 

R' X» 

x^Li \ y 

Y M 

\ \ 
R» X2 



wherein Z is CI, Br, I or o-tosyl group, and 
HaR'is 



r2 

^ Ri 
H H 




The organoaluminum oxy-compound [B-1] (hereinafter sometimes referred to as "component [B-1]") for 
forming the olefin polymerization catalyst used for the invention may be either aluminoxane conventionally 
known or such a benzene-insoluble organoaluminum oxy-compound as exemplified in Japanese Patent 
40 Laid-open Publication No. 78687/1990. 

The conventionally known aluminoxane can be prepared by, for example, the following procedures. 

(1) A procedure of adding an organoaluminum compound, e.g., trialkylaluminum, to a hydrocarbon 
medium suspension of compounds containing adsorbed water or salts containing water of crystallization, 
e.g., magnesium chloride hydrate, copper sulfate hydrate, aluminum sulfate hydrate, nickel sulfate 

45 hydrate and cerous chloride hydrate, so as to allow the organoaluminum compound to react with the 
adsorbed water or the water of crystallization. 

(2) A procedure of allowing water, ice or water vapor to directly act on an organoaluminum compound, 
e.g., trialkylaluminum, in a medium such as benzene, toluene, ethyl ether or tetrahydrofuran. 

(3) A procedure of allowing organotin oxide such as dimethyltin oxide or dibutyltin oxide to react with an 
50 organoaluminum compound, e.g., trialkylaluminum, in a medium such as decane, benzene or toluene. 

The aluminoxane may contain a small amount of an organometallic component. Further, it is possible 
that the solvent or the unreacted organoaluminum compound is distilled off from the solution after recovery 
of aluminoxane and the residue is redissolved in a solvent or suspended in a poor solvent for aluminoxane. 

Examples of the organoaluminum compounds used for preparing aluminoxane include: 
66 trialkylaluminums, such as trimethylaluminum, triethylaluminum, tripropylaluminum, 
triisopropylaluminum, tri-n-butylaluminum, triisobulylaluminum, tri-sec-bulylaluminum, tri-tert-butylaluminum, 
tripentylaluminum, trihexylaluminum, trioctylaluminum and tridecylaluminum; 

tricycloalkylaluminums, such as tricyclohexylaluminum and tricyclooctylaluminum; 
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dialkylaluminum halides. such as dimethylaluminum chloride, diethylaluminum chloride 
diethylaluminum bromide and diisobutylaluminum chloride; d'uminum cnioride, 

dialkytaluminum hydrides, such as diethylaluminum hydride and diisobutylaluminum hydride- 
d,alky a ummum alkoxides. such as dimethylaluminum methoxide and diethylaluminum ethox'ide; and 
dialkylaluminum aryloxides. such as diethylaluminum phenoxide 
trime'JhylaruminuT"'' t-'^Vlalumlnums and tricyCoalkylaluminums. and particularly preferred is 

Also employable as the organoaluminum compound used for preparing aluminoxane is 
isoprenylaluminum represented by the following formula [II]: aiuminoxane is 

(IC*H9)xAly(C5Hio)2 [II] 

wherein x. y and z are each a positive number, and z S 2x 

The organoaluminum compounds mentioned above are used singly or in combination 
t^nf^^rt? , ^'"^"'^ "^^ preparing aluminoxane include aromatic hydrocarbons such as 

benzene toluene, xylene, cumene and cymene; aliphatic hydrocarbons, such as pentane, hexane heptane 
cSexfnr"' , f' octadecane; alicyclic hydrocarbons, such as cyclopeSane 

cyclohexane cyc ooctane and methylcyclopentane; petroleum fractions, such as gasoline, keroslne and aas 

tt.;"? T "V'^Kf ''"^'"^'^ ^""^y^""^ hydrocarbons, particulariy chloriderand bromides 

thereof Also employable are ethers such as ethyl ether and tetrahydrofuran. Of the solvents preferT^ 
aromatic hydrocarbons and aliphatic hydrocarbons soivenis. preterred are 

m.in!*.^""'^""!^'' ^^'^l '^^"^^ "'^^^l compound [A] to form an ion pair 

(hereinafter sometimes referred to as "component [B-2]"). that is used for forming the olefin pofymlrLEon 

Zi'r?: r , r^"'°"' '""'"''^^ "-^^'^ compounds and carborane compounds as 

t '^a^iLliT'^^^ ^^'^"^ Laid-open Publications No. 501950/1989, No. 502036/1989 Nrmoos/lsgT 
No. 179006/1991, No. 207703/1991 and No. 207704/1 991 , and U.S. Patent No 54*18 

Examples of the Lewis acid include triphenylboron, tris(4-fluorophenyl)boron.' trls(p-tolyl)boron trlsfo- 
tolyl)boron tns(3 5-dimethylphenyl)boron.ths(pentafluorophenyl)boron.Mga3.Ab63 an?^ ^ 

Examples of the ionic compounds include trlphenylcarbeniumtetrakis(pentafluorophenyl)borate tri-n- 
butyammon.umtetrak,s(pentafluorophenyl)borate. N.N-dimethylanlllniumtetrakis(peri2oroS^ 
and ferroceniumtetrakis(pentafluorophenyl)borate. •wnuuropnenyijDorate 

Examples of the carborane compounds include dodecaborane. 1-carbaundecaborane bis-n- 
buty ammonium 1-carbedodeca)borate. tri-n-butylammonium(7.8-dicarbaundeca)bor^e a^' W-n- 
butylammonium(tridecahydride-7-carbaundeca)borate. ^-;uoraie ana tri n 

The compounds [B-2] which react with the transition metal compound [A] to form an ion pair can be 
used in combination of two or more kinds. ««>i lun pair can oe 

th. °^9^"°^l^'^i"""^ compound [C] (hereinafter sometimes referred to as "component [CI") for fornilna 

R9^IX3-„ [III] 

wherein is a hydrocarbon group of 1 to 12 carbon atoms. X is a halogen atom or a hydrogen atom, and 

arouD a^c^Ho'lT"""'^ ' hydrocarbon group of 1 to 12 carbon atoms, for example, an alkyi 

P,on.^' , '^y'^^f /' 9''°"P °^ 9'-°"P- Particular examples thereof include methyl, ethyl n-prS 

isopropyl. isobutyl, pentyl, hexyl. octyl, cyclopentyl. cyclohexyl. phenyl and tolyl 
Examples of such organoaluminum compound [C] include- 

trMJh'Trf"'""""'"*' ^"''^ trimethylalumlnum. ■ triethylaluminum. triisopropylaluminum 

tn.sobutylaluminum. tnoctylaluminum, tri(2-ethylhexyl)aluminum and tridecylaluminum- ^PV^'"'"'""'". 
alkenylaluminums. such as isoprenylaluminum; 

dialkylaluminum halides, such as dimethylaluminum chloride, diethylaluminum chloride 
diisopropylaluminum chloride, diisobutylaluminum chloride and dimethylaluminum bromide 

alky aluminum sesquihalides. such as methylaluminum sesquichoride. ethylaluminum sesauichloride 
^ ^SuZur sesquichloride and ethylaluminL sesquTbromide 

alkylaluminum dihal.des, such as methylaluminum dichloride, ethylalurninum dichloride 
isopropylaluminum dichloride and ethylaluminum dibromide; and emyiaiuminum dichloride. 

alkylaluminum hydrides, such as diethylaluminum hydride and diisobutylaluminum hydride. 
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Also employable as the organoaluminum compound [C] Is a compound represented by the following 
formula [IV]: 

R9nAIL3-.„ [IV] 

5 

wherein is the same as above; L is -0R^° group, -OSIR^'s group, -OAIR^22 group, -NR^^^ group, -SiR^^a 
group or -N(Ri^)AtR^^2 group; n is 1 to 2; R^°, R^', R^2 rig q^^^^^ methyl, ethyl, isopropyl, isobutyl, 
cyclohexyl, phenyl or the like, R^^ jg hydrogen, methyl, ethyl, isopropyl, phenyl, trimethylsilylene or the like; 
and R^* and R^^ are each methyl, ethyl or the like. 
10 Of such organoaluminum compounds, preferred are compounds of R^nAI(OAIR^°2)3-n. for example, 
Et2AI0AIEt2 and (iso-Bu)2AIOAI(iso-Bu)2. 

Of the organoaluminum compounds represented by the formulas [III] and [IV], preferred are compounds 
of the formula R^sAI, and particularly preferred are compounds of said formula wherein R^ is an isoalkyi 
group. 

76 The olefin polymerization catalyst used for the invention can be prepared by mixing the component [A] 
and the component [B-1] (or the component [B-2]), and if desired, the component [C] in an inert 
hydrocarbon solvent or an olefin solvent. 

Examples of the inert hydrocarbon solvents used for preparing the olefin polymerization catalyst include 
aliphatic hydrocarbons, such as propane, butane, pentane, hexane, heptane, octane, decane, dodecane and 
20 kerosine; alicyclic hydrocarbons, such as cyclopentane, cyclohexane and methylcyclopentane; aromatic 
hydrocarbons, such as benzene, toluene and xylene; halogenated hydrocarbons, such as ethylene chloride, 
chlorobenzene and dichloromethane; and mixtures of these hydrocarbons. 

The order of mixing the above components may be arbitrarily determined, but preferred is: 
mixing the component [B-1] (or the component [B-2]) with the component [A]; 
25 mixing first the component [B-1] with the component [C] and then with the component [A]; 

mixing first the component [A] with the component [B-1] (or the component [B-2]) and then with the 
component [C]; or 

mixing first the component [A] with the component [C] and then with the component [B-1] (or the 
component [B-2]). 

30 In the mixing of the above components, an atomic ratio of aluminum in the component [B-1] to the 
transition metal in the transition metal compound [A], (Al/transition metal), is in the range of usually 10 to 
10,000, preferably 20 to 5,000, and a concentration of the component [A] is in the range of about 10~^ to 
10""^ mol/liter. preferably 10"^ to 5 x lO'^ mol/liter. 

When the component [B-2] is used, a molar ratio of the component [A] to the component [B-2], 

35 (component [A]/component [B-2]), is in the range of usually 0.01 to 10, preferably 0.1 to 5, and a 
concentration of the component [A] is in the range of about 10~^ to 10~^ mol/liter, preferably 10~^ to 5 x 
10-2 mol/liter. 

When the component [0] is used, an atomic ratio of the aluminum atom (Ale) in the component [C] to 
the aluminum atom (AIb-i) in the component [B-1], (AIc/AIb-i), is in the range of usually 0.02 to 20, 
40 preferably 0.2 to 10. 

The above-mentioned catalyst components may be mixed in a polymerizer, or a mixture of the 
components preliminarily prepared may be added to a polymerizer. 

If the components are preliminarily mixed, the mixing temperature is in the range of usually -50 to 150 
•0, preferably -20 to 120 *€; and the contact time is in the range of 1 to 1,000 minutes, preferably 5 to 
45 600 minutes. The mixing temperature may be varied during the mixing procedure. 

The olefin polymerization catalyst used for the invention may be a solid olefin polymerization catalyst in 
which at least one of the above components [A], [B] and [C] is supported on an inorganic or organic, 
granular or particulate solid carrier. 

The inorganic carrier is preferably a porous oxide, and examples thereof include Si02 and AI2O3. 
50 Examples of the granular or particulate solid organic compounds include polymers and copolymers 
produced by using a-olefins (e.g., ethylene, propylene and 1-butene) or styrene, as major component. 

The olefin polymerization catalyst used for the invention may be an olefin polymerization catalyst 
formed from the above-mentioned fine particle carrier, the component [A], the component [B] and an olefin 
polymer produced by prepolymerization, and if desired, the component [0]. 
55 In the prepolymerization, olefins, such as propylene, ethylene and 1-butene. can be employed. Also 
employable are mixtures of these olefins and otiier olefins. 

In addition to the above components, the olefin polymerization catalyst used for the invention may 
further contain other components useful for the olefin polymerization, for example, water as a catalyst 
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component. 

in th^n P^Py'®"^ f'^stomer of the invention can be prepared by copolymerizing propylene and l-butene 
-n the presence of the above-mentioned olefin polymerization catalyst in such a manner that the aforesaid 
monomer composition would be finally obtained. 

The polymerization can be carried out by any of a liquid phase polymerization process (eg 

n™ P^°^«^- polymerization process) and a gas phase polymerization 

pr OC6SS • 

th« phase polymerization process, the same inert hydrocarbon solvent as used for preparing 

the catalyst previously mentioned can be employed, or propylene Is also employable as a solvent ^ ^ 
of „riJ® l^nf'^^n" P^'y'^f P''°cess, the polymerization temperature is desired to be in the range 

J dei1n K ° *° '° PO'yT^erization process, the temperature 

IS desired to be .n the range of usually 0 to 250 'C. preferably 20 to 200 -C. In the gas phase 

to /oT-C ^^'"P^''^*^^^ '^^^'^^'^ t° be in the range of usually 0 to 120 'C, preferably 20 

The polymerization pressure is in the range of usually atmospheric pressure to 100 kg/cm^, preferably 

TJr^nrn" T'"'^ ""'^ P^'V'^erization reaction can be carried out Sther batchwise' 

semicontinuously or continuously. 

The polymerization can be carried out in two or more stages having different reaction conditions 
.. Jt T f ""^"l' °' propylene elastomer can be regulated by allowing hydrogen to 

exist in the polymerization system or varying the polymerization temperature or the polymerization 
pressuro. 

EFFECT OF THE INVENTION 

h. Jit^r^^'^"^ elastomer according to the invention has a high triad tacticity. and is excellent in rigidity, 
for? TrT^^f ^^'T '■^^If "'^f- fansparency, heat sealing properties and blocking resistance. There- 
fore, it can be favorably used for sheets, films, etc., and particularly favorably used as a sealant 

t.mnl?.f ' H ^^^''t^® °^ ^ <=°"*^'"'"9 the propylene elastomer of the invention, its heat-sealing 

'i2:T:::^:::,''i^^^^^^ ^^^^ ^^-^ ^ - - 

Further, the propylene elastomer of the invention has a lower melting point than conventional 

H/l^J'^^fth"^ ^^'^'^^ P^^^duced from the propylene 

elastomer of the invention have high surface hardness, and hence they are hardly scratched. ^ ® 

EXAMPLE 

be cIn3H^th\'?r"*'''" ^^Z^^*'^'' ^^^^^'^^^ ^'th reference to the following examples, but it should 
be construed that the invention is in no way limited to those examples. 

Measurement of properties 
[1-Butene content] 

The 1-butene content was determined using ^^c-NMR. 
[Intrinsic viscosity M] 

The intrinsic viscosity M was measured in decalin at 135 -C and expressed by dl/g. 
[Molecular weight distribution (Mw/Mn)] 

producLTy' MMltorTS".* ^""""^"^ ""-"^^ ^'"9 ^^^^^^^ 

andth!Tr*°'^''°'"'"" °' TSK-GNH-Ht having a diameter of 27 mm and a length of 600 mm was used, 
and the column temperature was set to 140 -C. A sample (concentration: 0.1 % by weight, amount- 500 
microliters) was moved in the column at a rate of 1.0 ml/min using o-dichlorobenzene (available from Wake 
Junyaku Kogyo K.K.) as a mobile phase and 0.025 % by weight of BHT (available from Takeda Chemical 
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Industries, Ltd.) as an antioxidant. A differential refractometer was used as a detector. With regard to 
standard polystyrenes, polystyrenes available from Toso Co., Ltd. were used as those of Mw < 1,000 and 
Mw > 4 X 10^, and polystyrenes available from Pressure Chemical Co. were used as those of 1.000 < Mw 
< 4 X 10^ 

[B value] 

The B value (monomer distribution) was determined as follows. A ^^C-NMR spectrum of a sample 
obtained by homogeneously dissolving about 200 mg of a copolymer in 1 ml of hexachlorobutadiene in a 
sample tube having a diameter of 10 mm was measured under the measuring conditions of usually a 
temperature of 120 'C, a measuring frequency of 25.05 MHz, a spectral width of 1,500 Hz, a filter width of 
1.500 Hz, pulse repetition time of 4.2 sec and integrating times of 2,000 to 5,000. From the spectrum 
obtained, Pe. Pq and Peo were sought, and the B value was calculated using Pe. Pq and Peo- 

[Triad tacticity] 

A ^^C-NMR spectrum of a hexachlorobutadiene solution of a sample (based on tetramethylsilane) was 
measured, and a proportion (%) of the area of the peaks shown in the region of 21.0 to 21.9 ppm to the 
total area (100 %) of the peaks shown in the region of 19.5 to 21.9 ppm was calculated. 

[Proportion of inversion bonds based on 2,1 -insertions] 

The proportion of inversion bonds based on 2.1 -insertions was determined in the aforesaid manner 
using the ^^C-NMR spectrum with reference to "Polymer", 30. 1350 (1989). 

[Melting point (Tm)] 

The melting point (Tm) was determined from an endothermic curve which was obtained by heating 
about 5 mg of a sample charged in an aluminum pan to 200 "C at a rate of 10 'C/min. keeping it at 200 
•C for 5 minutes, then cooling it to room temperature at a rate of 20 •C/min and finally heating it at a rate 
of 10 •C/min. The measurement was conducted using a DSC-7 type measuring device manufactured by 
Perkin Elmer Co, 

[Crystallinity] 

The crystallinity was determined by subjecting a press sheet having a thickness of 1.0 mm to X-ray 
diffractometry after at least 24 hours had passed since the molding procedure. 

[Heat-sealing starting temperature] 

(1) Preparation of film 

On a press plate, an aluminum sheet having a thickness of 0.1 mm, a PET sheet and an aluminum 
sheet having a thickness of 100 um from which a central portion of 15 cm x 15 cm had been cut away 
were superposed in this order, and 3.3 g of a sample was put on the center (cut portion) of the aluminum 
sheet. Then, a PET sheet, an aluminum plate and a press plate were further superposed thereon. 

The sample thus interposed between the press plates was put in a hot press apparatus at 200 'C and 
preheated for about 7 minutes. Operations of applying pressure (50 kg/cm^-G) and releasing pressure were 
repeated several times to remove air bubbles in the sample. Finally, the pressure was raised to 100 kg/cm^- 
G, and the sample was heated for 2 minutes under the same pressure. After releasing of pressure, the 
press plates with the sample were taken out of the pressing machine and transferred into other pressing 
machine kept at 0 'C at the pressing portion. Then, the sample was cooled for 4 minutes under a pressure 
of 100 kg/cm^-G. The pressure was released, and the sample was taken out. Thus, a film having a thickness 
of about 150 to 170 um was obtained, and the film was used for measuring the heat-sealing strength. 
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(2) Measurement of heat-sealing strength 

. tl''^ ^^"'"9 ^ '"'^'^ °' °' strips were superposed one upon 

another and they were mterposed between two Teflon sheets each having a thickness of 0.1 mm. followed 
by heat sealing. The heat sealing was carried out by properly varying the temperature of the hot plate 
upper portion by 5 -C while keeping the temperature of the lower portion constant at 70 'C The heat- 
sealmg pressure was 2 kg/cm^-G. the heat-sealing time was 1 second, and the seal width was 5 mm (seal 
area: lo mm x 5 mm). 

^ J''^/^^^*-^^«""9 st^e"9th was determined by subjecting the film, which had undergone the heat sealing 
at the above-mentioned heat-sealing temperatures, to a tensile test at a tensile rate of 30 cm/min so as to 
measure peei strength. 

."-^f • ^T^^a °* ^'"^ measured at each of the heat-sealing temperatures (variations by 
x V^. ^ above-mentioned manner, and the heat-sealing temperatures and the peel strength were 

?o°oTii°.r^ ^ "'7 ^ ^«^*-^««""9 temperature corresponding to the peel strength of 

300 9/1 5 cm was read, and this temperature was regarded as the heat-sealing starting temperature. 

(3) Measurement of heat-sealing strength after aging 

The film was aged by placing the film in a constant temperature bath at 50 • C for 7 days. In the aqinq 
paper was laid on both surfaces of the film so that the films were not brought into contact with each oiher 

ma:n::"de3ed a^o^^^ *° '^'"^ ""^^'^ °" '^^'-^^^'^^ 
[Martens hardness] 



25 



«,ith H hardness was measured as follows. A surface of a press sheet of 1 mm was scratched 

with a diamond plumb using a Martens scratch tester (manufactured by Tokyo Shoki K.K.) with applying a 
given load (5 g) to the plumb, and the scratch mark on the surface was measured. The width of the scratch 
mark on the specimen thus tested was measured by a microscope, and a reciprocal (mm-) of the obtained 
30 value was regarded as the Martens hardness. 

[Blocking stress] 

wiHth "of "I'n^"'"^ evaluated in accordance with ASTM D1893. That is. two of films each having a 

1 T ^"^^ ^ °' '® """^ ^^'^ superposed one upon another, and they were interposed 

between two glass plates. The films with the glass plates were allowed to stand in an air oven at 50 -C with 
applying a load of 10 kg to the films (sample) . After 7 days, the sample was taken out. and the piel 
strength was measured. The peel strength per 1 cm was taken as a value of the blocking strength. 

40 • [Haze] 

haze was measured in accordance with ASTM D1 003-61 using the film prepared for measuring the 
heat-sealing starting temperature. ouiiny mo 

45 Preparation Example 

Synthesis of rac-dimethvl silylene-bisf1-(2-ethyl-4-phenvlindenyl)>zirconium dichlaride 
[Synthesis of 3-(2-biphenylyl)-2-ethylpropionic acid] 

To a 500-ml four-necked round flask (equipped with stirrer. Dimroth condenser, dropping funnel and 
thermometer) were introduced 13.46 g (120 mmol) of potassium t-butoxide. 100 ml of toluene and 20 ml of 
N-me hylpyrrolidone^ In a nitrogen atmosphere, to the flask was dropwise added a solution obtained by 
dissolving 20.7 g (110 mmol) of diethyl ethylmalonate in 50 ml of toluene, with heating to 60 "C After the 
dropping was completed, the mixture was reacted for 1 hour at the same temperature. Then, to the mixture 
was dropwise added at the same temperature a solution obtained by dissolving 20.27 g (100 mmol) of 2- 
phenylbenzyl bromide in 30 ml of toluene. After the dropping was completed, the system was held and 
refluxed for 2 hours. The reaction mixture was poured into 200 ml of water, and 2N-HCI was added to adjust 
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pH of the mixture to 1 . The organic phase was separated, and the aqueous phase was extracted three times 
with 100 ml of toluene, followed by mixing the organic phases together. The whole organic phase was 
washed with a saturated saline solution until the organic phase became neutral, and dried with anhydrous 
Na2S04. Then, the solvent was concentrated under reduced pressure to obtain 36.7 g of an yellow orange 

5 liquid concentrate. 

To a 1 -liter four-necked round flask (equipped with stirrer, Dimroth condenser, dropping funnel and 
thermometer) were introduced 67.3 g (1.02 mol) of potassium hydroxide and 160 ml of a methanol aqueous 
solution (methanol/water = 4/1 (v/v)). In a nitrogen atmosphere at room temperature, to the flask was 
dropwise added a solution obtained by dissolving the concentrate obtained above in 50 ml of a methanol 

10 aqueous solution (methanol/water = 4/1 (v/v)). After the dropping was completed, the system was heated 
and refluxed for 4 hours. Thereafter, the system was cooled to room temperature, and the solid precipitated 
was filtered. The solid was then dissolved in water, and to the solution was added sulfuric acid so that the 
pH of the solution bacame acidic (pH = 1). The solution was extracted five times with 100 ml of methylene 
chloride, followed by mixing the organic phases together. The whole organic phase was dried with 

76 anhydrous NaaSOA- Then, the solvent was concentrated under reduced pressure to obtain 24.2 g of a white 
solid product. 

Subsequently, to 300-mI three-necked round flask (equipped with stirrer chip, Dimroth condenser and 
thermometer) were introduced 24.2 g of the white solid obtained above, 56 ml of acetic acid, 37 ml of water 
and 13.1 ml of concentrated sulfuric acid, and they were refluxed for 6 hours in a nitrogen atmosphere. 
20 After the reaction was completed, the acetic acid was distilled off under reduced pressure. To the reaction 
mixture was added 50 ml of water, and the mixture was extracted three times with 50 ml of methylene 
chloride, followed by mixing the organic phases together. The whole organic phase was washed with 50 ml 
of a saturated saline solution and dried with anhydrous Na2S04. Then, the solvent was distilled off under 
reduced pressure, and the residue was separated and purified by silica gel chromatography (developed with 
25 hexane/ethyl acetate (2/1 — 1/1, by volume)) to obtain 13.7 g of a white solid (yield: 54 %). The properties 
of the product thus obtained are described below. 

FD-MS: 254 (M+) 

mP.: 91 .2 - 94.0 • C 

NMR (CDCI3, 90 Hz): 
30 6 = 0.71 (t. J = 7.2 Hz. 3H, CH3); 

1.16-1.58 (m, 2H); 

2.32 (b quin, J = 7.0 Hz. 1 H, 
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-CH-) ; 



40 2.61 - 2.99 (m, 2H); 

6.89 - 7.47 (m. 9H) 
IR (KBr disk): 1696 cm'^ (I'oo) 



[Synthesis of 3-(2-biphenylyl)-2-ethylpropionyl chloride] 



To a 100-ml three-necked round flask (equipped with stirrer chip. Dimroth condenser, thermometer and 
NaOH trap) were Introduced 13.3 g (52.4 mmol) of the 3-(2-biphenylyl)-2-ethylpropionic acid and 25.9 ml 
(355 mmol) of thionyl chloride, and they were refluxed for 2.5 hours with heating in a nitrogen atmosphere. 
After the reaction was completed, the unreacted thionyl chloride was distilled off under reduced pressure to 
50 Obtain 15.2 g of a crude product of yellow orange liquid. This acid chloride was used for the next reaction 
without further purification. The properties of the product thus obtained are described below. 

IR (Neat): 1786 cm"^ (vc^o) 



[Synthesis of 4-ethyl-2-phenyl-1-indanone] 

To a 200-ml three-necked round flask (equipped with stirrer chip, Dimroth condenser, dropping funnel, 
thermometer and NaOH trap) were introduced 8.04 g (60.3 mmol) of anhydrous aluminum chloride and 50 
ml of carbon disulfide. Under ice cooling, to the flask was dropwise added a solution obtained by dissolving 
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15.2 g (52.4 mmol) of the 3-(2-biphenylyl)-2-ethylproplonyl chloride obtained above in 21 ml of carbon 
disulfide. After the dropping was completed, the internal temperature was elevated to room temperature to 
perform reaction for 1 hour. Then, the reaction solution was poured into 200 ml of ice water to decompose it 
and extracted twice with 100 ml of ether, followed by mixing the organic phases together. The whole 
organic phase was washed with 100 ml of a saturated NaHCOa aqueous solution and then washed with 100 
ml of a saturated saline solution, followed by drying with anhydrous NazSO*. The solvent was distilled off 
under reduced pressure, and the residue was separated and purified by silica gel chromatography 
(deve oped with hexane/ethyl acetate (10/1. by volume)) to obtain 10.8 g of the aimed product as an yellow 
solid (yield: 88 %). The properties of the product thus obtained are described below 

NMR (CDCIs. 90 Hz): 

& = 0.98 (t. J = 7.2 Hz. 3H. CH3); 

1.60 - 2.20 (m, 2H); 

2.42 - 2.82 ( m, 1H. 



-CH-) ; 



20 2.80 (dd, J = 3.8 Hz. 16.5 Hz, 1H); 

3.36 (dd. J = 7.6 Hz, 16.5 Hz, IN); 

7.09 - 7.91 (m, 8H) 

IR (Neat): 1705 cm-^ (^c-o) 

25 [Synthesis of 2-ethyl-1-hydroxy-4-phenylindan] 

To a 200-ml three-necked round flask (equipped with stirrer chip, Dimroth condenser, dropping funnel 
and thermometer) were introduced 0.85 g (22.6 mmol) of sodium boron hydride and 28 ml of ethanol In a 
nitrogen atmosphere at room temperature, to the flask was dropwise added a solution obtained by 
30 dissolving 10.6 g (45.1 mmol) of the 2-ethyl-4-phenyl-1-indanone obtained above in 20 ml of ethanol After 
the dropping was completed, the temperature of the system was elevated to 50 -C so as to further perform 
reaction for 3.5 hours. After the reaction, the system was cooled, and acetone was dropwise added to 
decompose the unreacted sodium boron hydride. Then, the reaction mixture was concentrated under 

ZhT ^'^^^"'^ ^"^'^"^^"^ "^'^ ^ °^ ^ ^ °^ The organic phase was separated 

35 and the aqueous phase was extracted twice with 50 ml of ether, followed by mixing the organic phases 
together. The whole organic phase was washed with 100 ml of a saturated saline solution and dried with 
anhydrous NazSO*. Then, the solvent was distilled off under reduced pressure to obtain 10 67 g of the 
aimed product (mixture of two kinds of isomers) as a viscous light yellow liquid (yield: 99 %) The 
properties of the product thus obtained are described below 
40 NMR (CDCI3. 90 Hz): 

« = 1.02 (t. J = 7.1 Hz, 3H, CH3); 
1.31 - 3.28 (m, 5H); 

4.86, 5.03 (each d. each J = 6.4 Hz. J = 5.1 
Hz. together 1 H. 



45 



so 



-CH-0-) ; 



7.10 - 7.66 (m, 8H); 

IR (Neat): 3340 cm"' (.-oh) 

85 [Synthesis of 2-ethyl-4-phenylindene] 

. ? flask (equipped with stirrer chip, dropping funnel and thermometer) were 

introduced 9.78 g (41.3 mmol) of the 2-ethyl-1-hydroxy-4-phenylindan obtained above. 17.2 ml (123.8 
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mmol) of triethylamine, 0.25 g (2.1 mmol) of 4-climethylaminopyricline and 98 ml of methylene chloride. In a 
nitrogen atmosphere under ice cooling, to the flask was dropwise added slowly a solution obtained by 
dissolving 6.4 ml (82.5 mmol) of methanesulfonyl chloride in 6.5 ml of methylene chloride. After the 
dropping was completed, the reaction was further performed for 3.5 hours. After the reaction mixture was 
poured into 250 ml of ice water, the organic phase was separated, and the aqueous phase was extracted 
twice with 50 ml of methylene chloride, followed by mixing the organic phases together. The whole organic 
phase was washed with a saturated NaHCOa aqueous solution and then washed with a saturated saline 
solution, followed by drying with anhydrous Na2S04. The solvent was distilled off under reduced pressure, 
and the residue was separated and purified by silica gel chromatography (developed with hexane) to obtain 
6.56 g of the aimed product (mixture of two kinds of isomers) as a light yellow liquid (yield: 73 %). The 
properties of the product thus obtained are described below. 

NMR (CDCb. 90 MHz): 

5 = 1.20 (t, J = 7.6 Hz. 3H, CH3); 

2.49 (q, J = 7.6 Hz. 2H): 

3.41 (s. 2H); 

6.61 , 6.72 (each bs. together 1 H): 
7.09 - 8.01 (m, 8H); 

[Synthesis of dimethylsilylene-bis(2-ethyl-4-phenylindene)l 

To a 200-ml three-necked round flask (equipped with stirrer chip, Dimroth condenser, dropping funnel 
and thermometer) were introduced 5.0 g (22.8 mmol) of the 2-ethyl-4-phenylindene obtained above, 80 mg 
(0.63 mmol) of copper thiocyanate and 50 ml of anhydrous ether. In a nitrogen atmosphere under ice 
cooling, to the flask was dropwise added slowly 15.7 ml (25.1 mmol) of a hexane solution of n-butyllithium 
(concentration: 1 .6 M). After the dropping was completed, the temperature of the system was elevated to 
room temperature so as to further perform reaction for 1 hour. Then, to the flask was dropwise added slowly 
a solution obtained by dissolving 1.52 ml (12.6 mmol) of dimethyldichlorosilane in 4.5 ml of anhydrous 
ether. After the dropping was completed, the reaction was further performed for 12 hours at room 
temperature. The reaction mixture was filtered by Celite, and the filtrate was poured into 50 ml of a 
saturated ammonium chloride aqueous solution. The organic phase was separated, and the aqueous phase 
was extracted with 50 ml of ether, followed by mixing the organic phases together. The whole organic 
phase was washed with a saturated saline solution and dried with anhydrous Na2SO^. Then, the solvent was 
distilled off under reduced pressure, and the residue was separated by silica gel chromatography 
(developed with hexane hexane/methylene chloride (20/1, by volume)) to obtain 4.5 g of the aimed 
product (mixture of two kinds of isomers) as a light yellow solid (yield: 80 %). The properties of the product 
thus obtained are described below. 

NMR (CDCI3, 90 Hz): 

5 = -0.23, -0.17 (each s, together 6H, Si-CHa); 

1.12, 1.19 (each t, each J = 7.4 Hz. 

together 6H, CH3); 

2.44 (bq, J = 7.4 Hz. 4H); 

3.81 (s, 2H. 

I 

-CH-Si-) ; 



6.75 (bs, 2H. 3-H-lnd); 
50 6.88- 7.74 (m. 16H); 

[Synthesis of rac-dimethylsilylene-bis{1-(2-ethyl-4-phenylindenyl}zlrconium dichloride] 

To a 50-ml three-necked round ftask (equipped with stirrer chip, beads condenser, dropping funnel and 
55 thermometer) were introduced 0.84 g (1.69 mmol) of the dimethylsilylene-bis(2-ethyl-4-phenylindene) 
obtained above and 17 ml of anhydrous ether. At room temperature, to the flask was dropwise added slowly 
2.25 ml (3.56 mmol) of a hexane solution of n-butyllithium (concentration: 1.58 M). After the dropping was 
completed, the reaction was further performed for 13.5 hours. The reaction solution was cooled to -70 *C in 
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a dry ice/acetone bath, and to the solution was gradually added 0.395 g (1.69 mmol) of ZrCi* powder After 
the addition was completed, the resulting mixture was allowed to stand overnight with stirring Then the 
solvent was distilled off at room temperature under reduced pressure. After 30 ml of methylene chloride 
was added, impurities were filtered. The filtrate was concentrated at room temperature to precipitate a solid 
5 The sohd precipitated was filtered, washed twice with 3 ml of anhydrous ether and dried under reduced 
pressure to obtain 0.17 g of the aimed product as an orange yellow solid (yield: 15 %). The properties of 
the product thus obtained are described below. 

NMR (CDCI3, 90 MHz): 

S = 1.09 (t, J = 7.3 Hz. 6H, CH3); 
10 1.34 (s, 6H, Si-CHs); 

2.46 (quin, J = 7.3 Hz. 2H); 

2.73 (quin. J = 7.3 Hz, 2H); 

6.96 (s. 2H, 3-H-lnd); 

6.99 - 7.88 (m, 16H) 



16 



20 



25 



Example 1 

To a 2-liter autoclave thoroughly purged with nitrogen were introduced 900 ml of hexane and 60 g of 1- 
butene. To the flask was added 1 mmol of triisobutylaluminum. and the temperature of the system was 
elevated to 70 -C. Then, propylene was fed to the system so that the total pressure became 7 kg/cm^-G 
To the system were further added 0.30 mmol of methylaluminoxane and 0.001 mmol (in terms of Zr atom) 
of rac-d.methylsilylene-bis{1-(2-methyl-4-phenylindenyl)}2irconium dichloride prepared in a manner similar 
to that of Preparation Example, and polymerization was carried out for 30 minutes while propylene was 
continuously fed to keep the total pressure at 7 kg/cm^-G. After the polymerization, the system was 
degassed and a polymer was recovered in a large amount of methanol. The polymer was vacuum dried at 
iiu • C for 1 2 hours. 

The amount of the polymer (propylene elastomer) obtained was 39.7 g, and the polymerization activity 
was 79 kg-polymer/mmol-Zr.hr. This polymer contained units derived from 1-butene in amounts of 26 4 % 
by mol, and had an intrinsic viscosity [,] of 1.60 dl/g and a melting point of 88.4 -Q. The proportion of the 
30 inversion bonds based on the 2,1 -insertions was about 0.02 %. 

The properties measured on the polymer are set forth in Table 1 

Example 2 

To a 2-liter autoclave thoroughly purged with nitrogen were introduced 900 ml of hexane and 60 q of 1- 
butene To the flask was added 1 mmol of triisobutylaluminum. and the temperature of the system was 
elevated to 70 -C. Then, propylene was fed to the system so that the total pressure became 7 kg/cm^-G 
To the system were further added 0.30 mmol of methylaluminoxane and 0.001 mmol (in terms of Zr atom) 
of rac-d,methylsilylene-bis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride prepared in a manner similar 
to that of Preparation Example, and polymerization was carried out for 30 minutes while propylene was 
continuously fed to keep the total pressure at 7 kg/cm^-G. After the polymerization, the system was 
degassed and a polymer was recovered in a large amount of methanol. The polymer was vacuum dried at 
110 * C for 12 hours. 

-nie amount of the polymer (propylene elastomer) obtained was 45.2 g, and the polymerization activity 
45 was 90 kg-polymer/mmol-Zr.hr. This polymer contained units derived from 1-butene in amounts of 20 2 % 
by mol, and had an intrinsic viscosity M of 1.90 dl/g and a melting point of 101.5 -C. The proportion of the 
inversion bonds based on the 2,1 -insertions was about 0.02 %. 

The properties measured on the polymer are set forth in Table 1 . 

50 Example 3 

To a 2-liter autoclave thoroughly purged with nitrogen were introduced 950 ml of hexane and 30 g of 1- 
butene. To the flask was added 1 mmol of triisobutylaluminum, and the temperature of the system was 
elevated to 70 -C. Then, propylene was fed to the system so that the total pressure became 7 kg/cm^-G 
To the system were further added 0.30 mmol of methylaluminoxane and 0.001 mmol (in terms of Zr atom) 
of rac-d,methylsilylene-bis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride prepared in a manner similar 
to that of Preparation Example, and polymerization was carried out for 30 minutes while propylene was 
continuously fed to keep the total pressure at 7 kg-'cm^-Q. After the polymerization, the system was 
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degassed and a polymer was recovered in a large amount of methanol. The polymer was vacuum dried at 
110 'C for 12 hours. 

The amount of the polymer (propylene elastomer) obtained was 52.1 g, and the polymerization activity 
was 104 kg-polymer/mmol-Zr*hr. This polymer contained units derived from 1-butene in amounts of 13.9 % 
5 by mol, had an intrinsic viscosity h] of 2.51 dl/g and a melting point of 116.3 'C. The proportion of the 
inversion bonds based on the 2,1 -insertions was about 0.02 %. 

The properties measured on the polymer are set forth in Table 1. 

Comparative Example 1 

10 

To a 2-llter autoclave thoroughly purged with nitrogen were introduced 830 ml of hexane and 100 g of 
1-butene. To the flask was added 1 mmol of triisobutylaluminum, and the temperature of the system was 
elevated to 70 Then, propylene was fed to the system so that the total pressure became 7 kg/cm^-G. 
To the system were further added 1 mmol of triethylaluminum and 0.005 mmol (in terms of Ti atom) of a 
75 titanium catalyst supported on magnesium chloride, and polymerization was carried out for 30 minutes while 
propylene was continuously fed to keep the total pressure at 7 kg/cm^-G. After the polymerization, the 
system was degassed and a polymer was recovered in a large amount of methanol. The polymer was 
vacuum dried at 110 *C for 12 hours. 

The amount of the polymer obtained was 33.7 g, and the polymerization activity was 14 kg- 
20 polymer/mmol-Zr«hr. This polymer contained units derived from 1-butene in amounts of 25.3 % by mol, 
and had an intrinsic viscosity h] of 1.89 dl/g and a melting point of 110.0 'C. The proportion of the 
inversion bonds based on the 2,1 -insertions was lower than the limit of detection. 

The properties measured on the polymer are set forth in Table 1. 

25 Table 1 





Ex. 1 


Ex.2 


Ex. 3 


Comp. Ex. 1 


1-Butene unit content (% by mol) 


26.4 


20.2 


13.9 


25.3 


Intrinsic viscosity (dl/g) 


1.60 


1.90 


2.51 


1.89 


Molecular weight distribution (Mw/Mn) 


2.0 


2.0 


1.9 


3.5 


Melting point Tm ( • C) 


88.4 


101.5 


116.3 


110.0 


Grystallinity (%) 


40 


50 


56 


48 


B value 


1.0 


1.0 


1.0 


0.94 


(area, %) 


100 


100 


100 


100 


Heat-sealing starting temperature ( * C) 


92 


103 


127 


118 


Heat-sealing starting temperature ("C) (after aging) 


97 


107 


131 


131 


Martens hardness (mm"^) 


28 


33 


36 


29 


Blocking stress (g/cm) 


2.7 


2.2 


1.7 


13 


Haze (%) 


3 


4 


3 


3 



Example 4 

50 

To a 2-liter autoclave thoroughly purged with nitrogen were introduced 920 ml of hexane and 50 g of 1- 
butene. To the flask was added 1 mmol of triisobutylaluminum. and the temperature of the system was 
elevated to 70 ' G. Then, propylene was fed to the system so that the total pressure became 7 kg/cm^-G. 
To the system were further added 0.28 mmol of methylaluminoxane and 0.0007 mmol (in terms of Zr atom) 
55 of rac-dimethylsilylene-bis(2-ethyl-4-phenyl-1-indenyl)zirconium dichloride, and polymerization was carried 
out for 30 minutes while propylene was continuously fed to keep the total pressure at 7 kg/cm^-G. After the 
polymerization, the system was degassed and a polymer was recovered in a large amount of methanol. The 
polymer was vacuum dried at 110 •C for 12 hours. 
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The amount of the polymer obtained was 52.1 g. and the polymerization activity was 149 l<g- 
polynier/mmol-Zr.hr. This polymer had a 1-butene content of 20.2 % by mol. an intrinsic viscosity [,] of 
1 .90 dl/g, Mw/Mn of 2.05 and a melting point of 1 0 1 .5 • C. 

Claims 

1. A propylene elastomer having the following properties: 

(1) the elastomer contains units derived from propylene in amounts of 50 to 95 % by mol and units 
denved from 1-butene In amounts of 5 to 50 % by mol; 

(2) when (i) head-to-tail enchained propylene unit triad sequences or (il) propylene unlt-butene unit 
triad sequences consisting of head-to-tail enchained propylene units and butene units and containing 
propylene units as the second units are measured on the side chain methyl groups of the propylene 
units of the second units In the triad sequences using ^^C-NMR spectrum (hexachlorobutadiene 
solution, based on tetramethylsilane), the area of peaks shown in the region of 21.0 to 21 9 ppm is 
not less than 90 % based on the total area of all peaks shown in the region of 19.5 to 21 9 oDm 
being 100 %; • k-k >• 

(3) the elastomer has an intrinsic viscosity, as measured in decalln at 135 -C, of 0.1 to 12 dl/g- 

(4) the elastomer has a molecular weight distribution (Mw/Mn). as measured by gel permeation 
chromatography (GPC). of not more than 3; and 

(5) the elastomer has a parameter B value, which indicates randomness of the copolymerized 
monomer sequence distribution, of 1 .0 to 1 .5. 

2. The propylene elastomer as claimed in claim 1. wherein in the properties (5), the parameter B value 
which indicates randomness of the copolymerized monomer sequence distribution Is 1 0 to 1 3- and in 
addition to the properties (1) to (5), the elastomer further has the following properties: 

(6) the elastomer has a melting point Tm. as measured by a differential scanning calorimeter of 60 
to 140 -C. and the melting point Tm and a 1-butene constituent unit content M (% by mol) in the 
elastomer satisfy the following relation: 

-2.6M + 130STm2-2.3M + 155 

and 

(7) a crystallinlty C of the elastomer, as measured by X-ray diffractometry. and a 1-butene 
constituent unit content M (% by mol) in the elastomer satisfy the following relation: 

CS-1.5M + 75 



The propylene elastomer as claimed in claim 1 or claim 2. said elastomer being obtained by 
copolymenzing propylene and 1-butene in the presence of an olefin polymerization catalyst comprising- 
[A] a transition metal compound represented by the following formula [I]: 
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wherein M is a transition metal of Group IVa, Group Va or Group Via of the periodic table, 

and are each a hydrogen atonn, a halogen atom, a hydrocarbon group of 1 to 20 carbon 
atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a silicon-containing group, an 
oxygen-containing group, a sulfur-containing group, a nitrogen-containing group or a phosphorus- 
containing group, 

R^ is a secondary or tertiary alkyi group of 3 to 20 carbon atoms or an aromatic group, 

R* is a hydrogen atom or an alkyI group of 1 to 20 carbon atoms, 

and are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon 
atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a 
sulfur-containing group, 

Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon 
group of 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing 
group, a divalent tin-containing group, -0-, -CO-, -S-, SO-, -SO2-, -NR^-, -P(R^)-, -P(0)(R5)-, -BR^- or 
-AIR^- (R^ is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a 
halogenated hydrocarbon group of 1 to 20 carbon atoms); 

and 

[B] 

[B-1] an organoaluminum oxy-compound. and/or 

[B-2] a compound which reacts with the transition metal compound [A] to form an ion pair; 
and if desired 
[C] an organoaluminum compound. 

4. The propylene elastomer as claimed in claim 3, wherein R^ in the formula [I] representing the transition 
metal compound [A] is a methyl group. 

5. A propylene elastomer containing propylene units in amounts of not less than 50 % by mol and being 
obtained by copolymerizing propylene and 1-butene in the presence of an olefin polymerization catalyst 
comprising: 

[A] a transition metal compound represented by the following formula [l-a]: 




[I -a] 



wherein M is a transition metal of Group IVa, Group Va or Group Via of the periodic table. 
R^ is a hydrocarbon group of 2 to 6 carbon atoms. 

R2 is an aryl group of 6 to 16 carbon atoms which may be substituted with a halogen atom, a 
hydrocarbon group of 1 to 20 carbon atoms or a silyl group, 

and X^ are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon 
atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a 
sulfur-containing group, 

Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon 
group of 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing 
group, a divalent tin-containing group, -0-, -CO-, -S-, SO-. -SO2-, -NR^-, -P(R^)-, -P(0)(R^)-, -BR^- or 
-AIRS- (RS is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a 
halogenated hydrocarbon group of 1 to 20 carbon atoms); 

and 
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[B] at least one compound selected from the group consisting of: 
[B-1] an organoaluminum oxy-compound, and 

[B-2] a compound which reacts with the transition metal compound [A] to form an ion pair. 
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